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种 PAHs、27种 PCBs、6种 PBDEs 和 27种农药在选择性反应监测模式（SRM）
下的同时分析方法。各目标化合物方法检出限（MDL）在 0.01 ng·g-1~12.9 ng·g-1
之间。采用内标法进行定量，0.50 ng·g-1、2.0 ng·g-1和 10.0 ng·g-1 三个不同浓度
水平的沉积物基底加标回收率和相对标准偏差（RSD）分别为 68.6%~125.2%
（1.1%~23.3%，n = 5）、45.3%~128.1%（2.1%~19.3%，n = 5）和 43.8%~136.0%
（1.4%~16.4%，n = 3）。 
 




















化合物MDL在 0.01 ng·g-1~12.6 ng·g-1之间。采用基底匹配工作曲线进行定量，
2.0 ng·g-1、5.0 ng·g-1、10.0 ng·g-1和 25.0 ng·g-1 四个浓度水平下的沉积物基底加
标回收率及 RSD（n = 5）分别为 32.6%~126.6%（1.5%~16.9%）、36.5%~102.9%
（1.0%~10.2%）、38.7%~102.3%（2.4%~18.4%）和 37.3%~104.3%（1.0%~10.9%）。 
 




量分别为 92.7 ng·g-1~355.3 ng·g-1、0.07 ng·g-1~0.73 ng·g-1、7.7 ng·g-1~132.2 ng·g-1
和 2.3 ng·g-1~39.6 ng·g-1，柱状沉积物各层位样品中 PAHs、PCBs、农药和抗生素
检出总量分别为 128.7 ng·g-1~232.9 ng·g-1、0.04 ng·g-1~0.52 ng·g-1、33.3 ng·g-1~63.4 

























































Over the past decades, with the rapid economic development in chinese coastal 
area, thousands of industrial, agricultural and domestic chemical pollutants are being 
imported into aquatic environment through direct use, atmospheric deposition, riverine 
runoff etc.. Sediments, acting both as a pollutant reservoir and as a potential secondary 
pollution source, are very important to water quality and aquatic ecosystem health. The 
frequently detected organic pollutants are polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), 
pesticides, and antibiotics etc.. In this study, accurate and sensitive multi-residue 
analytical methods for simultaneous determination of 122 target organic compounds in 
sediment were developed and applied to sediment samples from the Jiulong River 
Estuary. Organic combined pollution characteristics and ecology risk assessment were 
discussed. The main research contents and results are as the following: 
1. Development of simultaneous determination method for 17 PAHs, 27 PCBs, 6 
PBDEs and 27 pesticides in sediment using gas chromatography-tandem mass 
spectrometry 
    An accurate and sensitive method for simultaneous determination of above 76 
weak-polar target compounds in sediment was developed using ultrasound for 
extraction, SPE for cleanup and GC-MS/MS for detection. The effect of extraction 
solvent, SPE clean-up procedures (SPE cartridges, elution solvent and volumes, and 
sulfur removal etc.), GC conditions and MS parameters (parent ions, daughter ions, and 
collision energy) were investigated. Under optimized conditions, recoveries and RSD 
at 0.50 ng·g-1, 2.0 ng·g-1, and 10.0 ng·g-1 spiking levels were 68.6%~125.2% 
(1.1%~23.3%, n = 5) , 45.3%~128.1% (2.1%~19.3%, n = 5) and 43.8%~136.0% 
(1.4%~16.4%, n = 3), respectively. Method detection limits were in the range of 0.01 
ng·g-1 ~12.9 ng·g-1 (dry weight) for all 76 target analytes. 
2. Development of simultaneous determination method for 13 pesticides and 33 
antibiotics in sediment using liquid chromatography-tandem mass spectrometry 
    A reliable method was developed for the simultaneous extraction and 
determination of 13 strong-polar pesticides and 33 ionic antibiotics in sediments using 















and liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis. The 
extraction solvent, SPE clean-up procedures (SPE cartridges, dilution volumes, and 
Na2EDTA addition etc.), LC gradient program, and MS parameters (parent ions, 
daughter ions, collision energy, and cell accelerator voltage) were optimized. 
Quantification was performed by matrix-matched calibration curves. Recoveries and 
RSD (n = 5) at 2.0 ng·g-1, 5.0 ng·g-1, 10.0 ng·g-1 and 25.0 ng·g-1 spiking levels were 
32.6%~126.6% (1.5%~16.9%), 36.5%~102.9% (1.0%~10.2%), 38.7%~102.3% 
(2.4%~18.4%) and 37.3%~104.3% (1.0%~10.9%), respectively. Method detection 
limits were in the range of 0.01 ng·g-1~12.6 ng·g-1 (dry weight) for all 46 target analytes. 
3. Combined pollution characteristics of of 122 organic pollutants in sediments 
from the Jiulong River Estuary 
The combined pollution characteristics of 122 organic pollutants in surface 
sediments and sediment core from the Jiulong River Estuary were investigated using 
above established determination methods. Results indicated that PAHs, PCBs, and 
organochlorine pesticides (OCPs) were the most frequently deteced contaminants, then 
currently used pesticides and antibiotics, PBDEs are not detected. The total contents of 
PAHs, PCBs, pesticides, and antibiotics in surface sediments varied from 92.7 ng·g-
1~355.3 ng·g-1, 0.07 ng·g-1~0.73 ng·g-1, 7.7 ng·g-1 ~132.2 ng·g-1 and 2.3 ng·g-1 ~39.6 
ng·g-1, respectively. While in sediment core subsamples, 128.7 ng·g-1~232.9 ng·g-1 for 
PAHs, 0.04 ng·g-1~0.52 ng·g-1 for PCBs, 33.3 ng·g-1~63.4 ng·g-1 for pesticides and 13.1 
ng·g-1~51.7 ng·g-1 for antibiotics. Most detected pollutants showed a decrease spatial 
trend along river downstream towards esturary, which suggested that terrestrial input 
were the primary pollution sources. Temporal distribution also indicated terrestrial 
pollution sources and no noticeable change during 1981~2012.  
4. Sources apportionment of PAHs, PCBs, DDTs, and BHCs in sediments from the 
Jiulong River Estuary 
    Isomeric ratios indicated that PAHs in surface sediment were contributed by a 
mixture source of liquid fossil fuel and coal/grass/wood combustion. Principal 
component analysis/multiple linear regression (PCA/MLR) results revealed that PAHs 
contribution rate of 3 main sources to PAHs in sediment core subsamples were 50.2% 
by coal/grass/wood combustion, 33.0% by vehicles and gasoline emissions and 16.8% 
by coke oven during 1981~2012. PCA results for surface sediments and hierarchical 
cluster analysis (HCA) for sediment core subsamples both suggested that PCBs were 
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